A study in this issue of the JCI shows that in response to autoantigens consisting of peptides from normal proteins, patients with diabetes mount a T cell response characterized by production of IFN-g . However, in response to these same antigens, T cells from normal control subjects produce IL-10. The antigen-specific response characterized by release of a regulatory cytokine suggests a mechanism for the control of autoimmunity that is initiated at the time of antigen presentation.
For more than a quarter of a century, we have searched for a "trigger" of type 1 diabetes mellitus (T1DM) -an environmental agent or event that initiates the autoimmune response. Epidemiological evidence suggests that one exists (1) : the concordance rate of diabetes in identical twins is <50%; there is seasonal variation in disease presentation, suggesting a viral trigger; and feeding practices, including infant diets, vitamins, and/or breast feeding, appear to modify disease occurrence (2) (3) (4) . Indeed, one antigen associated with the disease, amino acids 247-279 of glutamic acid decarboxylase-65 (GAD65) shares sequence homology with P2-C protein of coxsackie B, a suggested viral initiator of diabetes (5) . In transgenic mice, when the lymphocytic choriomeningitis virus (LCMV) glycoprotein antigen is expressed on β cells, LCMV infection induces autoimmune diabetes (6) . Yet despite the continuous search, a foreign agent that is causative has not emerged. Instead, the identified antigens, including GAD65, proinsulin, insulin, insulinoma-associated-2 (IA-2), and others, are normal proteins found in all individuals. One possible explanation for the occurrence of autoimmune responses is that the T cell repertoire of patients with diabetes includes autoreactive clones that have escaped thymic deletion to islet proteins including proinsulin, GAD65, and others.
Models to explain autoimmunity have focused on regulation of peripheral T cell responses
One possible explanation for the occurrence of autoimmune responses is that the T cell repertoire of patients with diabetes includes autoreactive clones that have escaped thymic deletion to islet proteins, including proinsulin. These proteins, generally thought to be islet specific, are also expressed in the thymus. In fact, one report has described higher expression of insulin mRNA in the thymuses of individuals with insulin variable numbers of tandem repeats associated with protection from diabetes (7) . These investigators postulate that higher insulin expression in the thymuses of disease-protected subjects may lead to deletion of autoreactive cells.
However, animal models, in which antigen expression is limited to islet cells, have not supported the concept that the escape of "forbidden clones" alone is sufficient to account for autoimmunity (8) . Peripheral mechanisms of T cell activation and regulation control autoimmune responses even in the presence of autoreactive T cells.
Much interest has focused on the phenotype of the T cell response that differentiates after activation, as most autoimmune T cell responses are polarized toward a Th1 phenotype, and Th2 responses are thought to be protective (9) . This explanation alone does not account for protection from autoimmunity, because in certain situations, when transferred into an immune-deficient mouse, Th2 cells thought to be protective can cause diabetes (10) . In addition, protection requires more than a single Th2 cell; it takes a "village." When the T cell repertoire has been restricted experimentally, even conditions that favor Th2 development can result in disease (11) . These findings and others from several animal models of T1DM suggest that the differentiation of a large number of cells that are recruited to an inflammatory response toward a nonpathogenic phenotype is an effective means of controlling autoimmune responses. In experimental systems, controlling the phenotype of the effector cell itself may not be sufficient to regulate the response.
A more potent means of regulating immune responses involving regulatory T cells has been studied intensively (12, 13) . Certain regulatory T cells, such as CD4 + CD25 + T cells, are present constitutively, whereas others, including a subpopulation of regulatory T cells (Tr1 cells) that produce IL-10 and IFN-γ, as well as subpopulations of CD8 + cells including those reactive with class Ib MHC molecules and others that express low levels of CD28, are induced following cell activation (14, 15) . These cells appear to be very potent in their actions. Ratios of regulatory:effector CD4 + T cells as low as 1:20 have been found to inhibit antigen-specific responses.
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The A study in this issue of the JCI shows that in response to autoantigens consisting of peptides from normal proteins, patients with diabetes mount a T cell response characterized by production of IFN-γ (see the related article beginning on page 451). However, in response to these same antigens, T cells from normal control subjects produce IL-10. The antigen-specific response characterized by release of a regulatory cytokine suggests a mechanism for the control of autoimmunity that is initiated at the time of antigen presentation. 
IL-10 as a mediator of T cell regulation

Control of the specificity of regulatory T cells
The identification of subsets of regulatory T cells has provided a mechanism for immune modulation, but an important, as-yet-unanswered question has been whether the regulatory cells are antigen specific and how specificity is maintained. Uncontrolled nonspecific immune suppression would be as problematic as its absence. In most examples, the effects of the regulatory cells have been demonstrated by their addition to an ongoing immune response. In these models, the immune regulation is not antigen specific but is a feature of the experimental system. For example, the inhibitory effects of CD4 + CD25 + T cells in the NOD mouse are observed because the NOD mouse exhibits an autoimmune response rather than because the regulatory T cells have specificity for diabetogenic T cells (17) . Furthermore, soluble factors such as IL-10 or TGF-β that are thought to mediate immune regulation are not necessarily specific in their targets. Therefore some means of localizing the regulatory activity to the sites of antigen recognition are needed.
The observations in the report by Arif et al. (18) in this issue of the JCI suggest a mechanism for specificity of immune regulation. The authors identified a panel of peptides from IA-2 and proinsulin that is naturally processed and presented by human leukocyte antigen-DR4 (HLA-DR4). Their aim was to identify epitopes unique to proinsulin, which is the only autoantigen that, outside of the thymus, is localized exclusively to β cells. The IFN-γ responses to combined proinsulin and IA-2 peptides allowed the researchers to discriminate between T1DM patients and control subjects. An IFN-γ response to at least one peptide was observed in 72% of T1DM patients, compared with only 7% of nondiabetic control subjects. Moreover, the cells from the control subjects did not produce an IFN-γ response to the proinsulin peptides. Unexpectedly, 64% of the nondiabetic control subjects showed an IL-10 response to the IA-2 peptides, versus 29% of patients with T1DM, and there was a similar frequency of response to proinsulin peptides in control subjects and diabetic patients. Whether the IL-10-producing cells function as
Figure 1
Immune regulation at the site of antigen presentation. The findings of Arif et al. (18) suggest that the same endogenous peptides activate T cells in patients with T1DM and normal nondiabetic individuals. However, the pathways of differentiation in patients in whom autoimmunity develops and normal individuals in whom autoimmunity is arrested are different. Following engagement of the TCR with antigen in the context of (in the case of CD4 + T cells) MHC class II and costimulatory molecules, naive T cells (light blue) from normal individuals differentiate into cells characterized by production of IL-10 (light red). Because of the immune regulatory properties of IL-10 as well as other cytokines that may be made with it (such as TGF-β), the cells that mediate an autoaggressive immune response (dark blue) are inhibited at the site of antigen presentation. However, the findings of Arif et al. suggest that in patients with autoimmune diabetes, there is instead induction of a predominant number of T cells that produce IFN-γ and IL-2 that characterize the autoaggressive immune response and a small number of IL-10-producing T cells.
immune regulators in healthy controls and prevent the induction of autoantibodies in vivo is not known, but an implication of this finding is that they do so by imparting local immune regulation through the elaboration of IL-10 ( Figure 1 ). IL-10 is a likely regulatory cytokine and would thus affect the cells recruited to the inflammatory site. The specificity of the immune regulation is imparted by the specificity of the responding T cell's T cell receptor (TCR).
The findings also imply that a difference between healthy subjects and T1DM patients is not in the repertoire of T cells but is in the pathways of differentiation activated in response to antigen (18) . A likely scenario suggested by Cobbold et al. (19) is that sustained but incomplete signaling or altered signaling of T cells generates T cells of a regulatory phenotype characterized by production of cytokines that regulate other immune cells, most importantly IL-10 and/or TGF-β (TGF-β responses were not shown in the study by Arif et al.) . Because T cells localize to the site of antigen presentation and are activated there by engagement of the TCR and costimulatory molecules, recruit other T cells, and affect the differentiation of the recruited cells, these cells obstruct the function of competent Th1 and cytotoxic T cells in a scenario called the "Civil Service" model of immune regulation (19) . It is likewise intriguing that individuals with onset of T1DM at older ages had a combination of IL-10 and IFN-γ responses to the antigens and as a group have been described to have a slower rate of disease progression than younger patients in whom C-peptide (a byproduct of endogenous insulin production that is released on the same equimolar basis as insulin) is generally undetectable after 5 years of disease. The techniques used by Arif et al. did not allow for assessment of quantitative differences in responses to the antigens, so the full extent of differences in cytokine production between individuals with different rates of disease progression cannot be entirely determined, but the qualitative differences suggest the mechanism described above.
opment. Thus, these new findings concerning the responses of normal individuals and patients with T1DM to autoantigens shed light on the differences in immune responses between these two groups and the mechanisms of pathogenesis of the disease. The findings suggest ways in which regulation of the autoimmune response occur and offer approaches to immune therapy that may induce immune modulation and ultimately tolerance, the immunologist's "Holy Grail."
T cell activation pathways may account for activation of regulatory cells How and why T cell activation pathways differ between normal individuals and those with autoimmunity will require careful consideration of the parameters involved in immune activation, including characteristics of antigen-presenting cells, costimulatory signals, features of the antigen-presenting molecules, TCR avidity, and others under investigation. The thymus is not cleared of blame, as TCR affinities for antigen in the cells from normal individuals and patients with T1DM were not compared but may be very different and may account for differences in the responses between patients and normal controls. Other differences in T cell activation events, as well as differences in antigen presentation, may be involved. Barrat et al. (20) have recently shown that treatment with vitamin D3 and dexamethasone at the time of TCR stimulation induces IL-10-producing regulatory T cells that exert positive feedback to enhance IL-10 production but reduce the differentiation of Th1 and Th2 T cells and can subsequently inhibit experimental autoimmune encephalomyelitis. We found CD4 + IL-10 + T cells that may have a similar inhibitory function in patients that had been treated with the anti-CD3 monoclonal antibody hOKT3γ1(Ala-Ala), which delivers a suboptimal T cell activation signal (21) . In addition, the findings obtained with these particular ubiquitously expressed autoantigens may not be the same with all autoantigens.
Insights for immunotherapy
These new findings described by Arif et al. (18) suggest an approach for controlling immune responses at the site of antigen presentation. An analogous approach is used by the Epstein Barr virus in which viral IL-10 production enables the virus to evade a host-specific immune response (22) . Expression of immune-regulatory cytokines in T cells that recognize autoantigens and home to sites of antigen presentation is a specific approach that is analogous to the naturally occurring mechanisms described by Arif et al.; techniques to cause such expression are under devel-
